To tackle the multiple challenges facing the cocoa sector, voluntary sustainability standards and corporate initiatives, largely focusing on farm and farmer group scale, are often implemented by public-private-civil society partnerships of stakeholders further in the value chain. This paper looks at the social, economic, and environmental effects of such initiatives, based on empirical evidence from large-scale, mixed-method studies using a suite of socioeconomic, agronomic, and environmental indicators to compare the situation of UTZ certified with non-certified farmers in 2012 and 2015 in Ghana, and 2013 and 2017 in Ivory Coast. The results show that, on average, outcomes are mixed and generally modest. However, significant cocoa productivity and income increases were experienced by certified farmers receiving a full package of services. However, the type and intensity of services has changed over time, decreasing for half of the farmers, and productivity and income increases are levelling off. These findings suggest that whilst partnerships have created new governance arrangements with an increased focus on sustainable value chains, initiatives which result in a living income and optimise productivity, whilst limiting environmental impacts, require sectoral transformation, continued partnerships, plus a range of other policy instruments to address the persistent, wicked problems in cocoa production.
Introduction

Wicked Problems Converge on Cocoa Farms
The context of cocoa farming has changed little in the last sixty years during which cocoa has been traded as an international commodity [1] . Whilst the term cocoa means "the food of the gods", at farm level, the cocoa sector faces a number of deeply embedded, interrelated challenges. These include old trees, pests and diseases, which lower tree productivity [2] [3] [4] ; low farmer and worker profits and incomes [5] [6] [7] [8] ; persistent poor labour conditions; the use of child and forced labour [9, 10] ; negative environmental impacts, such as deforestation, soil degradation, and soil and water pollution [11] ; coupled with political instability in many of the origin countries [12] [13] [14] [15] . These wicked problems have proved difficult to solve because of incomplete, contradictory, and changing views on how sustainability has been defined in the cocoa sector [16] . Small-scale farmers continue to dominate cocoa production, particularly in West Africa, where they produced an estimated 73% of total production in 2015 [17] . These farmers generally rely on cocoa for a major proportion of their household income [18] , (1) Voluntary sustainability standards (VSS) have a programmatic nature, and consist of different interlocking mechanisms of which the most important are standards (codes of conduct), internal management system requirements to allow for group certification, traceability requirements, and systems, independent verification, and consumer facing labels. VSS are usually owned and governed by different stakeholders, including producers, retailers, and NGOs [30] . Retailers, chocolate product manufacturers, traders, and processors have all adopted VSS, which is the main force driving the adoption by producers. (2) Individual corporate initiatives are a form of corporate social responsibility and self-regulation, whereby a business monitors and ensures active compliance with the spirit of the law, ethical standards, and national or international norms. A firm may engage in actions that appear to further a social or environmental good, beyond the interests of the firm and that required by law [31] . Corporate programmes have increasingly been used by traders-exporters, processors, and manufacturers since the mid-2000s, who have offered packages of interventions or services (such as organising farmers into groups, training, credit, and farm inputs (fertilisers, agrochemicals, cocoa seedlings, equipment) to farmers and their organisations, as a way to secure supplies of cocoa beans of specific quality, produced in specific, often traceable, environmental and social conditions. (3) Platforms, networks, and associations refer to partnerships of private, public, research, and/or civil society (CSO) or non-governmental (NGO) organisations collaborating on a common goal of sustainability with a declared policy or programme and plan of action. (4) NGO and CSO campaigns have aimed to raise awareness and lobbied for changes on a sector and chain scale.
Many of these sustainability initiatives overlap: platforms, networks and associations have been used to launch VSS and support the introduction of corporate initiatives. VSS have often been accompanied by packages of services, provided by CSOs, NGOs, and/or government agencies. There exist both producer country agencies, such as via the Ghana Cocoa Board (COCOBOD) in Ghana, and the Fonds Interprofessionnel pour la Recherche et le Conseil Agricole (FIRCA) and Conseil du Café Cacao in Ivory Coast; and consumer country government agencies, such as the Dutch Sustainable Trade Initiative (IDH), and embassy programs, such as German Development Cooperation (GIZ) and Swiss Economic and Development Cooperation (SECO). There have also been projects and programmes funded by international organisations, such as United Nations Food & Agriculture Organisation (FAO) and the United Nations Development Program (UNDP), and World Bank. Traders have also collaborated in a variety of national and international associations and platforms with certifiers, and partnered with research organisations, as well as with government organisations [29] . Voluntary sustainability standards have been some of the most notable sustainability initiatives in terms of their increase in scope, scale, and growing coverage of value chain stakeholders. UTZ is a certification program and a label for sustainable farming. UTZ merged with Rainforest Alliance in 2017. UTZ, followed by Fairtrade and Organic, have been the most popular VSS adopted by cocoa traders, chocolate manufacturing, and retail companies from 1987 onwards, shown in Figure 2 . In West Africa, UTZ certified cocoa grew sevenfold from 2010 to 2017, by which time 329,978 farmers in Ivory Coast and 144,007 in Ghana were certified, producing 671,854 tons and 176,200 tons i.e., 34% and 19% respectively of the 2016/2017 national production [32] [33] [34] [35] . The UTZ standard focuses on mainstreaming sustainability in farming practices, promoting improving farmer's agricultural and management practices, with a chain of custody approaches, traceability, and transparency reflecting concerns by consumers and NGOs about chain governance. Seven of the main trader-exporters and processors in West Africa have adopted UTZ and, often, a second certification scheme.
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Figure 2.
Growth of voluntary sustainability standards (VSS) certified cocoa production and sales globally, from 2008 to 2016. Source: [14, 35] .
Despite the growing body of literature assessing the impacts of sustainability initiatives [32, [36] [37] [38] , questions remain about whether voluntary sustainability standards and associated interventions are effective, and with what environmental and social-economic outcomes. Many evaluations attempting to answer these questions have been small scale, limited to specific locations, certification standards, and countries; cover a limited time period; and have been published as grey literature, where the methodology and robustness is often unclear. To fill this gap, this study uses a large sample of stakeholders in the two largest cocoa production countries, rigorous qualitative and quantitative methods to investigate the impacts of voluntary certification and related packages of services, asking what has been the impact of sustainability-focused interventions on cocoa farmers in West Africa?
Materials and Methods
Data Collection
To analyse the contribution of sustainability initiatives to farmer livelihoods, panel data were collected from over 778 cocoa farming households in Ghana and Ivory Coast between 2012 and 2017, 18 focus group interviews with farmers, and 22 interviews with other stakeholders in the value chain. Two rounds of farmer household surveys were implemented in each country among UTZ and noncertified farmers (see Table 1 ). In Ghana, a total of 385 farmers belonging to six cooperatives were interviewed in 2012, and 352 farmers were interviewed, again, in 2015. Two-thirds of the farmers were UTZ certified in both years. In Ivory Coast, 725 farmers belonging to 97 cooperatives were interviewed in 2013 and, in 2017, 426 farmers in 42 cooperatives. The sample size used is considered representative with the majority of farmers (80%) being UTZ certified in both rounds. High attrition rates and the share of farmers no longer certified prevented a random selection of the 2017 Ivory Coast sample. Tests were conducted to explore differences between this sample in 2014 and in 2017. Using regression analysis, the 2017 sample had more farmers in the "good agro-ecological zone", owning a larger portion of their land and with a slightly higher share of cocoa income in their total gross income. These differences, however, did not bias the overall representativeness of findings.
To obtain a representative sample, UTZ farmers and comparable non-certified farmers were selected. Certified farmers were selected randomly from lists provided by UTZ and traders. Non-certified farmers (i.e., neither UTZ or certified by other certification schemes) were selected from lists of households in the community held by village chiefs and, in some cases, by snowball sampling. This group of Despite the growing body of literature assessing the impacts of sustainability initiatives [32, [36] [37] [38] , questions remain about whether voluntary sustainability standards and associated interventions are effective, and with what environmental and social-economic outcomes. Many evaluations attempting to answer these questions have been small scale, limited to specific locations, certification standards, and countries; cover a limited time period; and have been published as grey literature, where the methodology and robustness is often unclear. To fill this gap, this study uses a large sample of stakeholders in the two largest cocoa production countries, rigorous qualitative and quantitative methods to investigate the impacts of voluntary certification and related packages of services, asking what has been the impact of sustainability-focused interventions on cocoa farmers in West Africa?
Materials and Methods
Data Collection
To analyse the contribution of sustainability initiatives to farmer livelihoods, panel data were collected from over 778 cocoa farming households in Ghana and Ivory Coast between 2012 and 2017, 18 focus group interviews with farmers, and 22 interviews with other stakeholders in the value chain. Two rounds of farmer household surveys were implemented in each country among UTZ and non-certified farmers (see Table 1 ). In Ghana, a total of 385 farmers belonging to six cooperatives were interviewed in 2012, and 352 farmers were interviewed, again, in 2015. Two-thirds of the farmers were UTZ certified in both years. In Ivory Coast, 725 farmers belonging to 97 cooperatives were interviewed in 2013 and, in 2017, 426 farmers in 42 cooperatives. The sample size used is considered representative with the majority of farmers (80%) being UTZ certified in both rounds. High attrition rates and the share of farmers no longer certified prevented a random selection of the 2017 Ivory Coast sample. Tests were conducted to explore differences between this sample in 2014 and in 2017. Using regression analysis, the 2017 sample had more farmers in the "good agro-ecological zone", owning a larger portion of their land and with a slightly higher share of cocoa income in their total gross income. These differences, however, did not bias the overall representativeness of findings.
To obtain a representative sample, UTZ farmers and comparable non-certified farmers were selected. Certified farmers were selected randomly from lists provided by UTZ and traders. Non-certified farmers (i.e., neither UTZ or certified by other certification schemes) were selected from lists of households in the community held by village chiefs and, in some cases, by snowball sampling. This group of comparison farmers were selected as being outside the direct influence of UTZ activities and living in communities far enough (at least 15 km) from certified farmers, such that they would not be affected by possible spillover effects. In both countries, UTZ farmers and non-certified farmers were sampled from three different agro-ecological climatic zones for cocoa production (excellent, good, and poor) [39] , to allow representative findings at country level. Table 2 provides an overview of the characteristics of certified and non-certified households in the baseline situation. These characteristics were used to compare certified and non-certified farmers because they constitute the main observable characteristics of cocoa farmers which are not expected to be directly influenced by certification. In Ghana, certified farmers had a lower share of hired labour and slightly more farms. Certified respondents were also more often female. However, generally, households were fairly similar in the baseline with no statistical differences for 11 of the 14 characteristics. In Ivory Coast, significant differences between certified and non-certified farmers were found, but were limited in size, with non-certified farmers having significantly smaller household sizes and smaller farm sizes (through relatively more under ownership), being older, more often living in agro-ecological zone 2 or 3, and being less dependent on cocoa as a source of income in 2013. These results confirm that the sampled certified and uncertified farmers were fairly comparable.
In addition to the farmer household survey, to increase validity [40] , a mixed-method approach was taken, with qualitative data collected in focus group discussions and stakeholder interviews using structured questionnaires. In total, 18 focus group meetings were conducted in the communities where farmers and their cooperatives are located (10 in Ivory Coast in 2013 and 14 in 2017, 8 in Ghana in 2015). In-depth interviews were also conducted with cooperative managers in both periods (6 in Ivory Coast), traders (7 in Ivory Coast and 5 in Ghana), support organisations (2 in Ivory Coast and 2 in Ghana), and school teachers (6 in Ivory Coast).
Indicators
Indicators for data collection were established based on theory of change impact logics for both countries, developed together with UTZ, IDH, Solidaridad (for Ghana and Ivory Coast) and, also, Cargill (Ivory Coast). The impact logic draws on UTZ's "Better farming, better future" theory of change. These indicators were transposed into the survey, focus group, and stakeholder interview questionnaires. In both countries, environmental, economic, and social indicators, shown in Table 3 , were used to measure the outcomes of sustainability activities implemented. Share hired labour *** 9% 4%
Statistical significance: *** (α = 0.01), ** (α = 0.05), and * (α = 0.10). Table 3 . Outcome areas and indicators.
UTZ Outcome Area Indicators at Farm Scale Better incomes, better crops (Economic Indicators)
Production practices score 1 Productivity per hectare Production costs per hectare Profit per hectare Total cocoa income
Better lives (Social Indicators)
Social practices score 2 Children working on hazardous farm activities Use of Personal Protective Equipment
Better environment (Environmental Indicators)
Environmental practices score 3 Use of compost Use of shade trees Use agrochemical and waste chemical management
Farmer Household Data Analyses
The farmer household survey data was quantitatively analysed. To empirically test for the contribution of UTZ certification using the farm household data, a difference-in-difference analysis was conducted. The difference-in-difference analysis compares the change in the performance of the outcome indicators between two moments in time (the first difference) for UTZ certified farmers, compared to changes in the same time period among uncertified farmers (the second difference). The change in outcome indicators (Y), shown in Tables 3-5 , is a function of being UTZ certified in both years (UTZ), with (X) differing between Ghana and Ivory Coast, and subscripts i and t denoting household and time period (baseline and endline measurement), respectively. Differences over time might be the consequence of factors other than UTZ certification or the implementation of associated projects, such as specific farmer characteristics. To control for this influence, in our estimation of impact we include a set of farmer characteristics (aside from those controlled for in the sampling design and using panel data), as presented in Table 2 . Equation (1) is estimated using ordinary least squares (OLS).
Equation (1) assumes UTZ certification is a one-size-fits-all "treatment", which is not the case (see Introduction). Different farmers received different packages of services alongside certification, such as training, agricultural inputs, and/or credit. As all farmers in the process of certification in 2013 were fully certified by 2017, the associations between the types of services farmers received and different outcomes were evaluated. Four levels of service intensity were identified based on the farmer questionnaires. The services included were finance (advance payments on cocoa or credit), agricultural ("good agricultural practices" (GAPs) as defined in the UTZ Code of Conduct for cocoa) training, cooperative training, management training, social training, access to farm inputs via cooperative or service providers, and free farm inputs. In Ghana, this analysis was not conducted, due to the different context in which certification and associated services occurred. However, the influence of specific certification-related variables was evaluated: whether farmers participated in the certification-related training, the total number of training activities they participated in, and whether or not farmers are lead farmers in certification-related activities.
To empirically test the contribution of different service intensities on the performance of selected indicators, the change in outcome indicators (Y), in Table 3 , as a function of service intensity Z, and a selection of farm household characteristics (X), was estimated using Equation (2), where subscripts i and t denote household and time period (baseline and endline measurement) respectively:
Equation (2) uses ordinary least squares (OLS) for UTZ certified farmers only, excluding non-UTZ farmers, as the number of farmers receiving higher intensity services levels was too small for advanced statistical analysis. As in Equation (1), a set of farmer characteristics was controlled for. Estimates from Equation (2) should not be interpreted as causal relations as some farmers may have decided to participate in some service packages and some types of farmers may be more likely to become certified than others.
Building the Counterfactual: Robustness Analysis and Validation
To build a strong counterfactual i.e. "What would have happened without UTZ certification and associated interventions?", the results from Equations (1) and (2) were tested for robustness and combined with the results of qualitative data analysis to triangulate, validate, and explain differences or lack thereof. In Tables 3-5 , we indicate results are robust if the quantitative models, discussed below, show similar results in terms of sign and significance.
In Ghana, the models were tested for robustness in two ways. First, an alternative OLS estimation (Equation (1)) using propensity score matching (PSM) was used. The propensity score, defined as the probability of receiving a treatment given observable covariates, was determined using a two-step process. First, the extent to which certified and non-certified farmers are comparable on a range of observable characteristics ("common support") was tested, with common support high (see Table 2 ), indicating that certified and uncertified farmers are highly comparable. The second robustness test used clustered error terms at village level, to ensure the model was not biased by the similarity of farmers in the same community tending to be more similar than farmers in different communities. In Ivory Coast, as certification programs had started before baseline data was collected, the first test was a simple OLS model to explore baseline and endline differences in isolation. Secondly, Equation (1) was tested for robustness by including the number of years certified in the model. Thirdly, an effect model at the household level was used to control for omitted variable bias. The results are considered as robust when the results of all these models indicate the same direction in terms of sign (positive or negative) and statistical significance. Common support was tested (see Table 2 ) and found to be high.
Qualitative data were transcribed from interviews and coded based on the indicators, then analysed using content analysis and simple statistical analysis. These results were used to triangulate, validate, and explain results from the quantitative analysis. Preliminary results of all datasets were presented and verified at meetings in Ivory Coast and Ghana attended by cooperative managers, traders, government, and UTZ representatives after each data collection round. During these meetings, an assessment of external and unexpected influences which could affect farmers' performance on the indicators-such as the Ivorian government's reform of the sector and weather effects on cocoa production-was also conducted. Participants also triangulated and interpreted the findings, particularly when different data sources provided different results. Qualitative data was also used to interpret potential spillover effects.
Results
The results are presented for the three outcomes areas on the indicators. For each indicator, for the results of the farmer household survey the difference-in-difference coefficient, and whether it is statistically significant is reported and, also, whether the effect is robust to different model specifications and whether there are relationships between the difference-in-difference analyses. Results from the stakeholder interviews are also presented. Table 4 presents the status of certified and non-certified farmers on the five economic indicators: production practices, productivity per hectare, production cost per hectare, profit per hectare, and total cocoa income.
Better Incomes, Better Crops-Economic Indicators
Farmers improved the implementation of good agricultural practices related to production over time. While uncertified farmers started at a slightly lower level, their implementation of good agricultural practices increased at the same pace. UTZ farmers perform slightly better, but far from optimal (a score of one). The change over time is slightly higher for non-certified farmers, but differences are not statistically significant. In Ivory Coast, the improvement over time is significantly bigger for farmers receiving the most complete packages of services in the past year.
Cocoa production per hectare increased over time for Ghana and Ivory Coast, although the increase is more prevalent in Ivory Coast. However, overall productivity levels continue to be generally low for all farmers, with an average of 321 kg/ha in Ghana and 480 kg/ha in Ivory Coast. In Ghana, the current level of production, as well as changes over time, were similar for UTZ and non-certified farmers. Whether farmers participated in the programme-related training, the total number of training activities they participated in, and whether or not farmers are lead farmers in the programme, were not related to changes over time. In Ivory Coast, UTZ farmers had significantly higher productivity, in 2013 and in 2017, than non-certified farmers. The average production of UTZ farmers stayed the same between 2013 and 2017, whilst non-UTZ farmers' productivity increased considerably, to 146 kg/ha on average. Since non-UTZ farmers' productivity increased, the difference in productivity between UTZ and non-certified farmers has become smaller. Results are robust for different models. The more services UTZ farmers received, the higher their yield in 2017. For farmers receiving the highest service package intensity, the difference between 2013 and 2017 is statistically significant compared to the changes in cocoa production of farmers receiving no services. Stakeholder interviews and the focus group discussions all highlighted that external factors affect productivity both positively and negatively, particularly weather conditions, with no clear trends for agro-ecological zones, and affecting both UTZ and non-UTZ farmers. Statistical significance: *** (α = 0.01) and ** (α = 0.05). The model includes the set of covariates as defined in Table 2 . Results are robust when all 4 models, defined in Sections 2.3 and 2.4, show similar results in terms of sign and significance.
Overall total net cocoa income increased over time. Farmers experienced a significant increase in total production costs per hectare, attributed to the significant increase in labour costs. The cost of farmer's and their household members own labour is not included in production cost calculations. In Ghana, production costs were higher for farmers participating in training more often. Cocoa price increases offset rising costs of production (especially for hired labour) and increased cocoa profitability, per hectare, for all farmers. The increase in production costs per hectare, profit per hectare, and total income from cocoa (net in Ghana, and gross in Ivory Coast) was not significantly different for certified and uncertified farmers. Profit per hectare and total cocoa income was higher for UTZ farmers than uncertified farmers. The few differences in cocoa income between UTZ and non-certified farmers were attributed to non-certified farmers also having access to farm inputs, services, and training, with increased income attributed to productivity increases as well as, in Ivory Coast, to the sector reform.
In 2017, Ivorian cocoa farmers had, on average, one other source of income, ranging from one to four sources, with 72% of farmers having a second source of income. In contrast, fewer Ghanaian farmers reported other sources of income in 2014 than in 2011 and, those who did, had fewer sources than in 2011. More farmers depended entirely on cocoa in 2014, with no differences in the change in average income earned from other sources for certified and uncertified farmers over time. Table 5 presents the status of UTZ and non-certified farmers regarding three social indicators: implementation of social practices; whether children conduct hazardous activities; and farmers' use of personal protective equipment. For each indicator, the difference-in-difference coefficient and whether it is statistically significant are reported, whether the effect is robust to different model specifications, and whether relations between the difference-in-difference analyses support modalities. No statistical significance was found at (α = 0.01), (α = 0.05) or (α = 0.10). The model includes the set of covariates as defined in Table 2 . Results are robust when all 4 models, defined in Sections 2.3 and 2.4, show similar results in terms of sign and significance.
Better Lives-Social Indicators
The implementation scores for good social practices increased over time in both countries. Certified farmers performed slightly better, but no significant differences were found in improvements over time. A similar pattern emerges for indicators on child labour, use of protective equipment, and waste management. In both countries, there was a reduction in the number of farmers that report using child labour. In Ghana, children under the age of 14 worked significantly fewer days doing hazardous work than children on uncertified farms in 2014 and, for both groups, the number of days is extremely limited: 0.15 days versus 0.6 days per year, respectively, on average. There were no differences in the use of child labour between certified and uncertified farmers in 2011 and 2014, nor was there a noticeable change over time. In Ivory Coast, the proportion of all farmers reporting using child labour decreased over time, however, 14% of uncertified farmers and 16% of UTZ farmers reported children conduct activities prohibited by the UTZ Code of Conduct, which only permits children under 18 to conduct light work on family farms for a limited number of hours, as long as the work does not jeopardise their physical and mental well-being, or interfere with their schooling. In Ivory Coast, 35% of UTZ farmers knew the minimum age for children to work on the farm, compared to 18% of non-certified farmers. On average, 32% of farmers knew the correct minimum age. Knowing the minimum age is weakly positively correlated with being an UTZ certified farmer. The small decrease in the use of child labour was attributed in stakeholder interviews and focus group discussions to improved knowledge about child labour rights and schooling children due to projects and programmes, however, they also highlighted the continuing, general low awareness of farmers in respect of (inter)national labour standards.
In Ghana, few differences over time were found between certified and non-certified farmers in the use of personal protective equipment (PPE). In focus group discussions, most certified farmers attributed positive changes in their health to better health and safety practices, and training on chemical use, waste management, and PPE use. In Ivory Coast, UTZ certified farmers reported better implementation of GAPs on protective clothing than non-UTZ farmers, with no differences between UTZ farmers related to service intensity. UTZ farmers scored 0.46 points (on 0 to 1 scale), which indicates there is room for improvement as farmers do not use all protective items. The difference over time was higher for UTZ farmers, but not statistically significant once other farm and household characteristics were controlled for. Ivorian cooperative managers reported improved working conditions attributed to certification, such as the use of spraying gangs to apply farm chemicals, GAP training, and the presence of first aid kits, combined with community projects which included health centres. Table 6 presents the status of farmers from certified versus non-certified farmers regarding 3 different types of social indicators: (1) implementation of environmental practices, (2) whether farmers use compost on cocoa farms, (3) whether farmers have shade trees on cocoa farms, and (4) how they manage chemical waste.
Better Environment-Environmental Indicators
The implementation of good environmental practices increased over time in both countries, although only very marginally in Ghana. Certified farmers performed slightly better than non-certified farmers, and have been catching up to the levels of certified farmers. Cooperative managers and focus groups indicated that soil and water quality had improved, mainly due to less or better input use and implementation of GAPs, and to better water pumps, partly provided by cooperatives and trader partners. In non-certified cooperatives, no such outcomes on environmental indicators were noted. In Ivory Coast, more farmers used compost than in 2013 with, on average, 21% of UTZ and 18% of non-UTZ farmers using compost in 2017, compared to 14% and 4%, respectively, in 2013. There is no statistically significant difference between UTZ and non-certified farmers. Regarding shade trees, UTZ certified farmers perform much better but, also on this indicator, non-certified farmers are catching up. In 2013, 19% of UTZ farmers reported planting shade trees in the previous two years, compared to 0.5% of non-UTZ. In 2017, 27% UTZ and 2% non-certified farmers reported planting shade trees in the previous two years. In 2017, 18% of all farmers (of which 85% were UTZ farmers) did not plant shade trees because they already had enough shade trees on the farm. The results in Ghana are contrary to Ivory Coast (where there was no increase in GAP related to shade trees), but was an improvement in both groups, albeit not statistically significantly different. Scores on five questions regarding how farmers apply and manage agrochemicals and chemical waste were combined into a score between zero and one, with one indicating 100% compliance with GAP. UTZ farmers score higher in both years, although this difference decreased over time as non-certified farmers caught up. UTZ farmers scored 7.2 out of 10 on handling agrochemicals and waste, and non-certified farmers scored 7 out of 10. In the focus group discussions, the majority of farmers noted improved waste management practices and attributed this to training from the Agence Nationale d'Appui au Développement Rural (ANADER)-as part of certification and for non-certified cooperatives. Most cooperative managers also indicated that farmers had improved waste management practices.
Changes in Service Packages and Intensity
Certification in West Africa was increasingly accompanied by packages of services in the time period studied. In Ghana in 2011, 61% of UTZ farmers indicated that their producer organisation provided at least one additional service other than buying cocoa; in 2015, this increased to 67%. Trader data indicate that service delivery, in terms of the number and intensity of services and number of farmers using them, increased over time, but that not all farmers use the services every year. Certified and uncertified farmer's satisfaction with the services provided over time increased, although not significantly. Numerous projects were implemented in the study area-providing training, seedlings, farm inputs, and community support, similar to that received by certified farmers, for example, the World Cocoa Foundation's Cocoa Livelihoods Program and farmer business schools. In Ivory Coast, since 2012, traders, the Conseil Café-Cacao, and partners, have been supporting farmer organisation, with an estimated 33% [44] to 50% [45] farmers in groups. A growth in the number of projects by government agencies, international donor agencies, traders, grinder-processors, and cocoa manufacturers, as well as by intermediary buyers known as pisteurs, and cooperatives, was perceived. In focus group discussions, in both countries, it was noted that it takes time for some interventions, such as access to farm inputs, and especially seedlings, to have an effect on cocoa productivity and incomes.
Discussion
Given these results, the impacts of voluntary certification and related packages of services on cocoa farmers in West Africa are discussed first, followed by the extent to which these outcomes meet sustainability challenges.
Positive, Mixed, and Modest Impacts of Certification and Service Packages for Farmers
UTZ certified farmers have productivity rates of on average 321 kg/ha in Ghana and 480 kg/ha in Ivory Coast, with farmers achieving up to 1491 kg/ha in Ghana and 1400 kg/ha in Ivory Coast. As production nationally averages between 500 to 600 kg/ha, with potential for 1900 kg/ha in West Africa [1] , this finding suggest there continues to be room for major productivity improvements. However, the costs of making these improvements, both financially and in terms of changing farming systems, the effects and trade-offs for other crops and food produced for subsistence use [18] , and environmental impacts-such as biodiversity [46, 47] , need to be taken into account. Certified farmers receiving more intensive service packages have higher productivity levels. Input provision, combined with targeted training, appear to be the most effective interventions. The reliance on one predominant species and dominance of low-yielding cocoa varieties may contribute to low yields, and increases the risk of vulnerability to pests and diseases [48] [49] [50] . UTZ farmers in Ivory Coast and Ghana continue to have significantly higher net cocoa income and profit, and higher production and labour efficiency than non-certified farmers, but this decreased slightly in the endline measurements in both countries. Farmers attribute income changes in part due to productivity, but also to external factors such as price reforms, and the weather-highlighting how important short-term, but also longer-term, resilience in responding to climate changes is. Notably, in both countries, farmers faced increased costs-particularly for labour-which decreased profits for all groups, pointing to the importance of looking at cocoa farming as just one part of the resilience of household income generating strategies, a factor highlighted in recent studies [18, 25] . Again, over time, non-certified farmer's incomes caught up with UTZ farmers. These findings, related to increased productivity and incomes for certified farmers, match those of other certified commodities [32, [36] [37] [38] .
UTZ certified farmers, however, seem to have reached a plateau in terms of production and income, aided by packages of training and high intensity services. These results suggest that it is difficult to go beyond this ceiling to achieve significant income improvements that result in a living income for the majority of cocoa farmers with the current approach. Also, that scaling up that results in moving a larger group of farmers towards a higher income and profitability has not been possible, although non-certified farmers are catching up to this celling. Productivity increases by non-certified farmers are explained by the fact they have also received similar services and organisational support, although not with the same intensity as the UTZ certified cooperatives. Services are now also being offered to non-certified farmers by pisteurs and traitants (types of intermediary trader-wholesalers) as an incentive to ensure farmer loyalty. Cooperatives have been created and certified as a means to access markets, rather than in the cooperative spirit common in the early years of the UTZ and company programmes. These aspects help explain why farmers are less satisfied with their cooperatives. However, farmers are still happy to have received "new" services and, particularly, the premiums that cooperatives receive are valued and used for a variety of local cocoa, but also, social community development initiatives.
Reasons why non-certified farmers have caught up with certified farmers are that uncertified farmers have also received training, which allowed them to develop in a similar way as certified farmers. such mainstreaming also appears over time for other certified commodities [38] . The impact of input services provided by traders also probably has not taken effect yet, as not all farmers use these services yet, and it takes time for fertiliser applications, pruning, and planting seedlings to affect productivity. Unfavourable climatic conditions were indicated to have negatively influenced productivity in 2014, affecting both uncertified and certified farmers and, thus, was not the impact of certification.
Sustainability Initiatives: Separating Certification from "Certification Plus"
Both prior to, and during, UTZ certification, there have and continue to be over 40 sustainability interventions [51] [52] [53] [54] . Many interventions occur both nationally and on a very local scale, implemented by multiple partners. There is significant similarity between these interventions, and those implemented as part of UTZ, Rainforest Alliance, and Fairtrade certification, which makes it difficult to attribute changes specifically to UTZ certification. Specific activities implemented by traders participating in the UTZ certification programmes included cooperative capacity building, farmer training, farm and farmer professionalisation, provision of inputs and equipment, financial support and enabling access to credit, cooperative, and community development. Strong differences were found between traders' approaches to implementing certification as a stand-alone activity, or as part of a package of activities.
Service packages appear to lead to positive socioeconomic impacts, with specific packages (the "agricultural training + one input" package, and the "agricultural training + pesticides and fertiliser" package) being significantly associated with increased productivity and net cocoa income improvement for UTZ farmers. UTZ farmers with a complete agricultural service package earn a significantly higher net cocoa income and a higher net cocoa income per hectare in 2017. Cocoa income is also higher for UTZ farmers who received a fuller agricultural service package (agricultural training + one input, agricultural training + pesticides and fertiliser). UTZ certified farmers receive more intensive service packages: the majority received more than two services. However, 47% of UTZ farmers experienced a decreased intensity of services in 2017 compared to 2013, which has implications for their productivity and income in the short-term future, which could be expected to remain static.
Spillover from Certification
Certification provided a means to rapidly upscale sustainable cocoa production and allow farmers to access to certified markets where they aim to benefit from premium prices, as an additional price reward for sustainable cocoa production practices. Certification has promoted more professional producer associations, which farmers perceive as providing a wider range of benefits. Although farmers are generally satisfied, they indicated that services can be improved.
By revitalising the sector, certification appears to have contributed to making cocoa farming more attractive. Other outcomes of certification were that it provided a means for traders, grinders-processors, and manufacturers to rapidly upscale the volumes of certified cocoa production, and allowed farmers to access certified markets where they can benefit from premium prices. However, depending on the standard, between 40% and 80% of cocoa produced as certified gets sold as certified [14] . Certification promoted professional producer associations, which farmers perceive as providing a range of benefits, although some of which farmers and cooperatives indicated these could be improved.
Certification in general, and specifically UTZ in the cases measured, has created ripples at company and service provider level, creating a "cooperative + service package" model that is now common in both the corporate cocoa sector, as well as in government extension service provision. Certification can be seen as a vehicle to which services have been attached, enabling an increased intensity and broader package of services to be provided.
The growth of cocoa certification in Ghana and Ivory Coast since the baseline measurements has meant that there is more chance that non-certified farmers, who are cooperative members and, plausibly, also farmers who are not members of cooperatives, come into contact with certified farmers. This was evidenced by the UTZ data on cooperative growth and locations, the qualitative data, and verification meeting. This means that the chance of spillover of knowledge and practices from certified to non-certified farmers has increased. Farmer data also indicate that certified farmers share lessons from training they have received with other farmers. When farmers share knowledge, they notice that others changed their practices. Therefore, although not anticipated in the UTZ theory of change, spillover effects contribute to the impact of certification.
Positive Outcomes, but Still Insufficient?
The need for sectoral transformation to achieve "sustainable" cocoa has been heatedly debated, for example, in the annual World Cocoa Conferences, which have brought together many stakeholders in the chain since 2012. Transformation models, so far, have used a supply chain or a sector approach, but despite considerable progress, have not yet led to the desired results [55, 56] . Whilst innovations in the sector (particularly certification and public-private partnerships) and upscaling of investment occurring in the cocoa sector on sustainability are recognised, the risk of continuing these current, mainly voluntary, often non-inclusive and unaligned approaches, in the "broken" cocoa supply chain [57] , is that only incremental change in the sector will occur. This risk has been emphasised not only by academics [56] , but also by cocoa farmer groups [58] and civil society organisations [14, 26] . The private sector continues to emphasise the use of public-private partnerships to accelerate change [59] . However, these current approaches, whilst sustaining the industry, do so under deteriorating conditions, leading to decreased farmer socioeconomic and environmental system resilience, without enabling smallholders to claim rights, have a voice and greater representation (i.e., transition), or tackle the fundamental causes of smallholder vulnerability. Current approaches also fall short of increasing the resilience of producers to climate change (i.e., transformation) [56] , and addressing structural problems in the supply of good quality sustainable cocoa. Sectoral reforms in West Africa have, in contrast, shifted away from the market liberalisation in the 1980s towards more state involvement and regulation of the value chain-including market and pricing mechanisms, licensing buyers and exports, controlling cocoa genetic materials, capacity building of farmers, and aligning private and civil society interventions in the sector.
Sustainable sector transformation, therefore, needs to be holistic, relying not just on publicprivate partnerships, but on a much wider societal partnership, with public-private-civil societyproducer-research engagement. Such a societal partnership needs to recognise conflicts of interests and trade-offs, to address drivers and conditions for change (strengthening demand; sector alignment and accountability; organisation of service providers and the production base; and public and private sector governance) [55] , guided by recognition that transformation can occur only if market and regulatory incentives encourage continuous improvement, and if there is sufficient value at farmer level to (re)invest in the sector with limited external assistance.
Conclusions
This study shows that the impact of sustainability-focused interventions in the form of voluntary certification and related packages of services on farmers in West Africa has been mixed and modest. On average, the outcomes in terms of farmers' incomes, optimising cocoa productivity, farmer's and farm workers' living and working conditions, agricultural practices and environmental effects have been modest, when assessed over time and in terms of the outcomes experienced by certified farmers compared to non-certified farmers, in similar agro-ecological regions. However, for a smaller group of certified farmers receiving an intensive package of services and farm inputs, certification has had positive, significant impacts on incomes, crops, lives, and the environment. A notable spillover effect is that certification has paved the way for programs that offer more comprehensive service packages, which have resulted in a change in the sector.
These findings suggest that public-private partnerships have created new possibilities by developing voluntary governance arrangements that focus on improving sustainability in value chains. The use of voluntary sustainability standards and supporting corporate initiatives have been extensively scaled up by traders in Ivory Coast and Ghana, with support from chocolate manufacturers, retailers, and tacitly supported by consumer country government organisations in the Netherlands, Germany and Switzerland. These voluntary sustainability standards were then later combined with different initiatives financed and implemented by government agencies, trader's corporate initiatives, CSOs and NGOs, and network, platforms, and associations.
The extent that these voluntary sustainability certification initiatives and associated corporate initiatives have had modest outcomes for the majority, indicates their limits. These findings also point to a need for broad sectoral transformation (in cocoa and agriculture), continued partnerships, plus a range of other policy instruments to address the persistent, wicked problems in cocoa production.
Although pathways to impact foreseen in the theories of change in both countries are largely confirmed, there remains a gap between what certification alone has been expected to deliver and actually has been delivered. Impacts have not been felt by all certified farmers, and the level of impacts have generally been marginal for certified farmers, in general, in terms of crop productivity, incomes, and the environment. Lessons learnt from this study are that, firstly, certification alone has not led to impacts such as improving farmers' livelihoods beyond poverty levels and assuring social risk-free cocoa. A reason is that productivity and income increases are levelling off, which suggests that productivity increases for UTZ certified farmers have plateaued, while non-certified farmers are catching up with UTZ certified farmers. This is also as result of positive spillover effects, which itself can also been seen as an indirect positive impact, not foreseen in the impact logics.
Secondly, pathways to impacts at different scales (farmer level and farmer group) were largely as foreseen: well-functioning cooperatives and trader-led groups formed a vehicle to certification, providing packages of services to members. Training and adherence to the UTZ Code of Conduct was generally associated with better crops, incomes, and environmental outcomes and knowledge applied, in practice.
Thirdly, there were also unanticipated outcomes at producer and company level: a professionalisation of farmers and cooperatives; increased intensity and broader range of services provided mainly by private sector (sometimes hiring in public sector agencies such as ANADER in Ivory Coast) alongside certification and increased farmer satisfaction with cooperatives. There appear to be positive spillover effects as certification activities have been scaled up and certification-related practices (particularly attention on the good agricultural and social practices embodied in the UTZ Codes of Conduct for cocoa) have also been replicated by government, resulting in non-UTZ farmers coming into contact with certified farmers and certification-inspired practices, learning and adopting similar techniques to generate higher productivity and cocoa-related income. Certification can, therefore, be seen as a vehicle to which more services have been attached, enabling an increased intensity and broader package of services to be provided.
These conclusions lead to the following recommendations for societal partnerships implementing sustainability initiatives in the cocoa sector:
(1). Focus on topics that matter most: target interventions more closely to match farmers' varying demographic, economic, and farm characteristics, with tailored mixes of service packages that focus on farmers' specific needs and the most problematic practices relating to child labour, input use, shade trees, and waste management. (2) . Address the specific barriers (such as farmer uncertainty about investing in cocoa related to tenure and fluctuating prices, farm renewal costs) and enablers (such as targeted access to farm inputs and training, taking a farm household approach rather than focusing only on cocoa) to improve sustainable cocoa production and livelihoods of cocoa farmers. (3). Current incentives of certification and associated services are insufficient to motivate all value chain actors: higher cocoa productivity often entails higher costs for farmers, while not all certified farmers receive a premium, since not all certified produce is sold as certified, due to low market uptake. A stronger uptake of certified cocoa by the industry is needed to reward and compensate certified groups and farmers for their sustainability investments. These factors suggest that investments are needed to close sustainability gaps and reinvent tools to sufficiently and adequately implement and diagnose and address sustainability gaps and underlying causes. This includes tensions of (over)supply and low prices, which harm farmer incomes, risk mitigation and accessing more profitable value chains, and enabling access to credit. (4). Combine high intensity packages of good agricultural practice training with farm inputs to have higher economic impact. The most successful service delivery models have provided training via cooperatives free of charge for farmers, with fertilisers and agrochemicals generally provided on credit, paid for with cocoa beans. The main risks of this model for farmers and cooperatives are being locked into a supply chain or purchasing contracts that, depending on prices and premiums, may not be attractive. For traders and service providers, there are also risks of providing services and farm inputs to farmers and cooperatives who eventually may default. (5). Certification organisations, and grinders/processors, traders, and manufacturers providing services, could engage with the government and CSOs to ensure a holistic, complementary, and aligned sector, value chain, and landscape scale interventions. An example is the Cocoa & Forests Initiative, which started in 2017 in Ghana and Ivory Coast, where the majority of public and private stakeholders are involved, and local, national, and international scales of action are connected to address cocoa related deforestation and degradation holistically. (6) . Focus on combining bottom-up farmer and top-down industry and government visions for a sustainable cocoa sector. The current imbalances in power in the value chain between stakeholders in the value chain mean that hearing farmers' and their organisations' voices and visions in partnerships is imperative. Initiatives that strengthen farmers' engagement in societal partnerships, such as emergence of stronger national and international cocoa farmer's organisations, such as the merger between World Cocoa Farmers Organization (WCFO) and the International CoCoa Farmers Organization (ICCFO) are, therefore, critical.
(7). Take a transformational approach to provoke systemic change in the West African cocoa sector. A systemic transformation should address at least the issues of environmental degradation, farmer households, and living incomes, worst forms of labour, and the interlinks between national, regional, and international cocoa market economics and politics, that are currently largely unaffected by certification and corporate sustainability programs. 
